INTRODUCTION
The customary methods of evaluation of chemical disinfectants concern the question of the germicidal performance under specified conditions of these products compared with that of a reference material. As a rule, the fundamental answer is sought to this query: When used in the recommended dilution, will a given disinfectant kill the test-organism wvithin the (Klarmann, 1949; Klarmann, Wright and Shternov, 1951) . These reservoirs consist of the sum total of the surfaces (such as floors, walls, shelves, furniture, bedding, clothes, etc.) upon which respiratory pathogens have settled by sedimentation following their dispersal into the environmental air, and from which they can be resuspended into the air, usually in dry form, as a result of drafts or of some kind of mechanical activity such as sweeping. While the attempts to reduce these secondary reservoirs by mechanical fixation (for example, by oiling) have been only partially successful, it might be postulated that the ideal method of their control should involve the creation on the surfaces exposed to contamination of a persistent antibacterial potential directed to the destruction of the infectious bacteria (usually the result of some form of forced respiratory action, such as sneezing or coughing) sedimenting upon them after dissemination by patients or carriers.
A disinfectant expected to render this kind of service must have a demonstrable record of bactericidal effectiveness against the most resistant of the respiratory pathogens. It would follow also that, other things being equal, a disinfectant which offers a longer lasting "antibacterial blanket" should be deemed preferable to one less effective in this regard, irrespective of any possible superiority in "short-term" bactericidal effectiveness, no matter how pronounced.
The Effect of Relative Humidity
In this connection, reference should be made to two recent papers (Lester and Dunklin, 1951; Hoffman, 1951) Under all such or similar conditions a transitory drop in the antibacterial potential of the disinfected surfaces must be anticipated. Apparently, however, in most places, and under prevalent conditions, the relative humidity is devoid of a markedly detrimental effect upon this antibacterial potential. Accordingly, in planning our work, we felt justified in relegating the question of the humidity effect to the background, and in concentrating instead upon two fundamental problems: (1) the antibacterial effect upon different respiratory pathogens, and (2) the modification of this effect by different materials constituting the test surfaces.
Other Considerations A general utility disinfectant must be non-specific in its germicidal action since, as a rule, its practical application is expected to result in the destruction of different types of vegetative pathogens of epidemiological significance, not just of some types to the exclusion of others. Conversely, where there exists a problem of guarding against any particular pathogen, the application of a product labeled "disinfectant" should not raise any question in the user's mind as to whether the particular one employed is or is not capable of destroying the microbes against which its use is directed.
With this axiomatic premise in mind, it is only proper to require that a "disinfectant" should be effective against enteric pathogens, transmitted primarily by means of contact, as well as against respiratory pathogens, disseminated via the aerial route. In the present work Salmonella schottmuelleri was selected as a representative of the enteric group because of its superior resistance to drying, as compared with that of the other enteric gram-negative bacteria (Escherichia coli, S. typhosa, etc.).
It is felt that a general utility disinfectant should be effective against pathogenic fungi also. This is the reason for the selection of Trichophyton interdigitale as a representative test organism, in view of its preeminent occurrence in common fungus infection (of the type of "athlete's foot", etc.).
EXPERIMENTAL METHODS
Since, logically, this kind of experiment calls for the use of surface carriers intended to simulate the surfaces to be treated under conditions of practice, the first question demanding an answer was that of the quantity of disinfectant solution required per unit of surface. From the introductory remarks it would appear that the floor surface could become an important (if not the most important) "secondary reservoir". With this in mind, actual moppings of a large floor area were carried out to determine the amount of liquid deposited on the floor in the course of a mopping operation. In this fashion it was found that about 0.04 ml was used per amount of disinfectant solution to be applied to each square inch of material used in the tests.
The question of the number of bacteria to be applied to each square inch of flooring was solved as follows: It was decided to plate the square-inch pieces of flooring intact, since swabbing to remove bacteria was considered a less desirable procedure because many bacteria remain clinging to the swab, and removal of bacteria from the piece of flooring by the swab is incomplete. It was found that a standard amount of inoculum could be used which would yield counts of approximately 1000 colonies per plate, by placing the squareinch piece of flooring in a Petri dish and rubbing with a rubber scraper. (In the case of Mycobacterium tuberculosis and T. interdigitale this inoculum had to be reduced as the plates became overcrowded.) The following test methods were employed:
Method I Unglazed 1-inch porcelain hexagons (0.8 sq in) of the type used in bathroom floors, were painted around the edges with colorless nitrocellulose lacquer. (This was necessary to prevent leakage of the disinfectant solution to be applied subsequently.) The hexagons were then sterilized in a metal box over drying crystals by dry heat at 160 C for 90 minutes. After thorough cooling, 0.03 ml of diluted disinfectant was applied per disc; the dilution used was that recommended on the label for disinfecting purposes. The hexagons were then allowed to dry for 7 days at room temperature before the inoculum was applied. In the case of a hypochlorite disinfectant, the drying time was reduced to one hour (before addition of the inoculum) when it was found that its antibacterial effect did not survive a longer drying period. At the end of the drying period 0.01 ml of culture, diluted in AOAC broth, was applied and spread over the surface with a platinum loop. When using Streptococcus pyogenes (Lederle 7), Micrococcus pyogenes var. aureus (209) i-4 T. interdigitale, make a spore suspension containing 5,000,000 spores per ml, dilute 1:200.
DIscussION OF RESULTS Table 1 shows that all of the disinfectants tested, except the hypochlorite, gave evidence of their ability to impart a persistent antibacterial potential to the test surface (unglazed porcelain) in varying degrees, as indicated by this surface's capacity to exert a germicidal effect one week after its disinfection.
In the case of S. pyogenes, all disinfectants effected a reduction of the count by 90 per cent or more. In the case of M. pyogenes var. aureus and S. schottmuelleri, the reduction was the same, except with the pine oil disinfectant, where it was substantially less. In the case of M. tuberculosis, a low order of effectiveness was shown by benzalkonium chloride (but not by dodecylamine lactate); the weak antitubercular performance of benzalkonium chloride observed in the present instance concurs with a similar observation reported in a previous study (Klarmann 1949; Klarmann, Wright and Shternov, 1951) bearing importantly upon the subject of the control of secondary reservoirs of respiratory pathogens. And finally, in the case of T. interdigitale, the Liquor Cresolis Sap. N.F. and the pine oil disinfectant gave marked y lower results than the other preparations tested.
The antibacterial potential imparted to the test surface by the hypochlorite disinfectant was not in evidence as early as one hour after application.
That the type of surface material may have a significant influence upon the antibacterial potential, at least in the case of some disinfectants, is quite evident from the data in table 2. In these experiments only S. pyogenes was used as test organism. It is noteworthy that the maintenance of a week-long antibacterial potential is most difficult to achieve in the case of painted wood, probably owing to dissolution of the paint film and penetration of the disinfectant into the wood. Indeed, two disinfectants which might be expected to possess a particularly effective solvent action, Liquor Cresolis Sap. N.F. and the pine oil compound, displayed a complete loss of the antibacterial effect at the end of the test period; the point at which this effect was actually dissipated has not been determined. In contrast to the condition encountered in the case of painted wood, shellacked wood appears to offer better resistance to penetration and consequently to the fading of the antibacterial potential. As might be expected, completely dense and smooth surfaces such as those of formica, plastic tile, etc., are most satisfactory in this regard.
The best all-around performance was rendered by the two synthetic phenolic disinfectants.2
As to the performance of the other disinfectants tested, factors other than those of solvent action or of penetration appear to be involved. This is true of the benzalkonium chloride, whose effectiveness drops significantly on linoleum and shellacked wood. The structure of the surface may play a role here in that perhaps a greater adsorptive tendency comes into play in the case of this strongly surface-active agent. The dodecylamine salt acts in a somewhat similar manner, although the reduction of its antibacterial potential at the end of the week is not quite so pronounced as that of the quaternary ammonium compound, benzalkonium chloride.
SUMMARY
In evaluating general utility disinfectants, the factor of persistence of the antibacterial potential of the disinfected surface appears to have been largely neglected, in spite of its significance in determining the capacity of the particular disinfectant agent and process to aid in reducing the spread of infection.
To throw some light upon this problem experiments were carried out using a number of disinfectants typical of the most important available varieties, and a number of microorganisms representative of the respiratory and enteric pathogens, and of pathogenic fungi.
In creating an antibacterial potential of one week's duration upon the different kinds of surface materials tested (including wood, linoleum, tile, etc.), the best performance was rendered by two synthetic phenolic disinfectants characterized by a low volatility of their phenolic constituents. Hypochlorites are least capable of maintaining a persistent antibacterial potential, while in the case of the quaternary ammonium compounds the question of specificity must be considered in view of their low antitubercular effectiveness. With coal-tar and pine oil compounds the surface material appears to affect their perfonnance to the extent that the solvent action of these disinfectants probably causes a physical change of the surface, producing a gradual dissipation of the antibacterial potential.
